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1. Introduction 


Research into the application of UCMM measurements to the study" of urban 
(and, in general, mesoscale) heating patterns is proceeding along tvfo con- 
verging lines of approach. In the one approach, the satellite data will be 
processed to yield representative day--night patterns of temperature (for ^ 

I :‘i 

effective radiating black body surfach) over k sites for essentially clear 
days. Ground albedos, a less important field, will have to be inferred, or 
at least estimated, from the visible radiance measurements. We have now 
reached the stage where we can produce smoothed Calcomp plots of the temperature 
fields from 130 x 130 matrices stored on MT files. For HCMM, this will allow 
us to perform an analysis over an area approximately 65 x 65 km on a side, unless 
spot overlap occurs, in which case the area of analysis will be smaller. 

Present capabilities have also rersched the point where we can begin to display 
color images of these files on the RANTEK system belonging to the Penn State 
Remote Sensing Groups 

- The second facet of our research is in developing a reliable but compu- 
tationally simple one-dimensional heat flux/surtace temperature model which 
will allow us to determine the values of the effective substrate parameters 
necessary to yield the observed surface temperature response. HCMM will 
furnish us with two temperature observations per day, sufficient to estimate 
by graphical or numerical inversion of the model, the two most important - 
substrate parameters in the model - thermal inertia and moisture availability. 
Ultimately we hope to be able to present maps of these parameters by inversion 
of the model and to infer the ground heat flux and surface energy budget over 
the area from the temperature fields. At present the nocturnal component of 
the model is being reformulated and the model itself tested against'nighttime 
observations from various field experiments. 
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II. Anticipated Progress 

Late in April# 1978, HCMM was launcheJ into an orbit that will permit 
day-night pairs of satellite measurements to be made over the area of interest 
at three of the four sites to be studied - Washington, D.C., St, Louis, Mo., 
and Los Angeles. Houston, Texas will have coverage only at 36 hour intervals. 
Initial photographs and test material will be arriving shortly. Out aim 
continues to be the study of urban temperature patterns, in particular the 
ground temperature and, by inference, the surface/substrate parameters and 
the ground albedo by means of model inversion methods. It still remains our 
goal to be able to deduce the surface energy budget and to derive the 
model parameters necessary to predict the ground heating in prognostic 
numerical meso-scale models of the atmosphere. In conclusion, therefore, 
our current and future objectives remain identical to those stated in Part 
IIA of ouv first Quarterly Report of March 1, 1978. Further scientific 
discussion concerning these objectives and the techniques used to achieve them 
arc contained in Appendix I, consisting of a symposium reprint, "Indirect 
Sensing of the Urban Heat Island by Satellite and the Measuremeiiit of Substrate 
Parameters Responsible for its Formation", 

We are especially hopeful in being able to compare aircraft measurements 
of black body ground temperature (determined by NASA aircraft flying over 
St. Louis and over Washington, D.C. this summer) and black body ground tempera- 
ture and surface albdeo (determined from the Penn State Aero commander aircraft 
flying over St. Louis during the Regional Air Pollution Study (RAPiS) of - 
METROMEX during summers of 1974-6) with those obtained for those cities ^from 
the HCMM measurements. Although the comparisons Will not be concurrent, there 
is a considerable persistence and stability of -the surface characteristics over 
urban areas, the essentially features of the associated ground temperature 
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AISTRACT 

Satalllts-darivad taaparaCure analysaa ara pra- 
tanlad for a day-night saquanca ovar Loa AnRalaa during 
iVtobar 1976. Ralatlvaly warn taaparaturaa appaar ovar 
tha dutmtuwn araa, Induatrlal aactlona, and aadlua rlaa 
high danalty auburba; coolar taaparaturaa ara obaarvcd 
ovar tna laaa populatad auburba and ovar woodad 
tarraln. Such thanaal contraat la claarly ralatad to 
tha aurfaca layar haatlng and raflacta tha natura of 
land uaa and tha charactar of tha ground aurfaca. Wa 
outllna a aathod wharaby a nuaarlca.i aurfaca layar 
tak|:-ratura/haat flux aodal nay be uaad to obtain by 
Invaralon, -uantltatlva aatlaataa of tha thamal Inar- 
tla and auilatura av/iUablllty which ara aaaantlally 
raaponalbla for tha fonboilun of tha urban haatlng 
pattarn. 


SATELLITE OBSERVATIONS 

Ona of tha aora obvloua nanlfaatatluna of urbani- 
zation la the haat la land which la raprenantad by 
relatively warnar taaparaturaa over built-up arena and 
coolar tethperaturas In the auburba. Thin phnnonanon 
haa been atudied for over a hundred yaara, but It haa 
only been recently that aystrantlc attanpta have bean 
aada to nathaaatlcally model the cauaea of Ita fonaa- 
ti.-'n. Llkewlae, reaotc aanalng of the urban heat 
lalai.d haa only bacone poaalble with the launching of 
GOES, NOAA, ERTS, and the propoaed HCHN aatellltea 
which carty radlonatara whoae apatlal raaolutlon pro- 
vldea tha neueaaary detail for mapping tha Intricate 
thermal pattemo over the diverse urban canopy. The 
polar-orbit Ing aui. synchronous NOA/. satellites, for 
example, are capable oi making twu psHsas a day over 
must locations; they contain, among other things, VHRR 
radiumatars which operate in both the visible (0.6 - 
0.7 ua) and infrared (10. S 12.5 ua) with a resolution 
of Just under 1.0 km at zero nadir angle and about l.S 
km at the edge of the scan. 

We have applied N07A-3 and 5 oatelllte aeasure- 
aents In an Investigation of heating patterns over the 
greater Los Angeles area using both the visible reflec- 
tances and the equivalent black body teaperature 
aeasuiements which are derived from the Infrared radi- 
ances - (1)*. An example of a day-night | '.it of satel- 
lite temperature mi>ps for Los Angeles, corrected for 
water vapor absoiptlon - (2) and redrawn from the 
machine-analyzed output, la shown In Figs. 1 and 2. 
Threr hours after sunrise (Fig. 1) a pronounced warm 
maxima (T 'v 29*C) Is observed over an Industrial zone 
(N) .ot far from the centeral business district (B) and 
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end of paper. 
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the high density residential suburbs (H). Ralatlvaly 
high teaperatures are also found over a region of oil 
(islds (0). Other oil fields, the airports and mili- 
tary inatallation (N), though spatcsly populated, are 
oaaoclated with locally warmer teaperaturas (T ^ 28*C). 
Higher and more woodad locations, portions of the 
Falos-Verdsa Peninsula (P) and the Santa Monica 
Mountains (8), appear notlcably coolar. 

In the evening (Pig. 2) warn teaperatures remain 
o'var tha Inner city (T v 18*C) but the maxlaua has 
shifted somewhat toward tha central business district 
and the high density auburba. The oil fields and air- 
ports (T \ 15-16*0 cooled aore rapidly than the cen- 
tral buslnass district while lass rapid cooling 
occurred over ran.a of the Santa Monica Mountains. One 
curious fssture of these anuntalns Is the presence of 
very warn teaperaturas (T v 19-20*0 along their 
southern flanks, 'n response to the direct solar 
haatlng of these slopes by the late afternoon sun; 
coolar temperatures associated with the shading affect 
can bs seen on the northern slopes. Very little 
reapersture change occurs over the ocean. 

Such coaperature patterns as shown In Figs. 1 and 
2 lapllcltly contain Inforaatlon concerning the surface 
energy budget (In particular the sensible heat flux) 
and, consequently, they represent an Indirect but 
quantitative aeasurs of land use. In principle, a 
surface heat budget can be verified experiaentally over 
a stretch of honogeneous tarraln whose surface charac- 
teristics are well known. On the other hand, it Is not 
apparent how ona would uniquely neasure a heat flux, or 
a particular substrata variable over an Inhaaogeneous 
tract of land containing a mixture of surface types. 
Yet, In order to audel correctly the urban boundary 
layer and ultlaately to predict the air flow and the 
Hevelopocnt of the urban aix.^d layer, it la i.acassary 
to represent the surface heat Input with soae degree 
of detail. In turn, the heating patterns are thea- 
selves strongly tied to the character of the suiface 
and substrate even though the nature of the surface Is 
exceedingly difficult to define or to oeasure directly. 
Strictly speaking. Figs. 1 and 2 do not depict the 
urban heat Island itself, which Is an anomaly of the 
air temperature pattern. Rather, these ground teapera- 
tures are a sore direct reflection of the surface heat 
flux pattern which constitutes a driving aechanlsa for 
the urban heat Island. 


APPLICATION OF SlIRFACE-UYER MODEL CALCULATIONS 
TO SATELLITE OBSERVATIONS 

It <« clear, however, that these satellite 
temperatures respond to changes in tha surface 
character. In a mathematical modrl of the surface 
temperature, various surface or substrate properties 
for an ideal ground medium, (roughness, albedo, con- 
ductivity, diffuslvlty) strongly Influence the tempera- 
ture wave at the ground-air Interface. Over hetero- 
genuous tarraln such as that of an urbanized region, 
these terrain properties constitute effective parame- 
terii which yield the correct (l.e. the observed) 
surface temperatures In the model. In order to verify 
such model results, however, an effective ground 
temperature must be determined. 

Such an observation can be provided by satellite. 
Satellite derived temperature measuremencs are essen- 
tially Instantaneous over a small region and are 
accurate to within an uncertainty of 1-2*C, the error 
arising primarily from horizontal variations In sur- 
face emlsslvlty and atmospheric turbidity. We have 
developed a one-dimensional numerical boundary layer 
model which Is capable of simulating the surface 
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Surface infrarao uaiperaturc an.ilyacs dcrivid from N()AA-'> \1IKR mra»ureniTt* for orbit 879 at 
0924 PST, 8 October, 1976. Solar and zenith anKles are, reapectlvely, 19 and 16 deKreea. letter-! repreaent 
Keugraphtcal locatlona (ace text). 


Fig. 2. - Same aa Fig. 1 but for orbit H8i jt 2026 PST. S.idlr angle waa 21 degree*. 
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(•■pvrutur* 4nil hvjt I lux with on 04't.ur4cy cuaporobl* 
to thot obtotnobl* I rxa iiotalllt*, (Ivon th* roiiiotiv* 
lori'lnK 4n<J voluws lor Iho Mloorologlcol ood •urfoto 
paroawtor* *■ (1,4), Siallu' l ypt's n( anilola liova 
aolnaj • will* 4ki;«pt4i>i* In (hr lltcraturr - (^,(,7), 

Uur anolyala lndiv.it»a that waiapt 1» wlntwr ond 
In coldar cllMtaa, two priaary Input poroavtara ara 
raapun.'bla lot tlia funaation of algnllliant horlxontal 
taaparatura varlatlona and thua tlu urban boat laland. 
Ona auch paraouttar l« tlia tharaal Inart la of tha aub* 
atrata P vauawtlaa* i allad tha tharaal pruparty or 
cunduitlva i,ipai:ltyl which la aqual to C>S> whara C la 
tha aubatrata haat lapjclty and • la tha tharautl dlffu* 
alvlty ot tha aadlua. Du! othar la tha •solatura avail- 
ability of tha aubatrata H, whlih raplaaanta tha 
alflclancy of avapuratlun froa tha ground aadlua, I. a., 
tha ratio ut watar vapor I lux to that fur a auturatad 
aurinca. Although ground albedo, aurfaca roughnaaa and 
hurltonlal wind apaad ara Important aacondary datar- 
Blnanta of tha haatlng paltarna ovar urban araaa, tha 
>orract toaparaturra can bo aodolad tor claar aky canon 
to within an uncertainly of ^1 to 2*C, glvan tha low 
lavnl wind apaad and raaaonabla antlaataa ol tha nacon- 
dary ground p.iraaalera. No hydrodynaalc aurfaea-layar 
nodal, howavar auphlat Icatad In connt ruct Ion, can 
raprudi'ca thu aurfaca taaparatura wava and thua tha 
aurfaca heating pattern without a falily accurate 
apac If teat Ion of tha two dominant aubatrata paroiwtara, 

H and P. In order to modal the horlxontal toapa''atura 
pattern with a relative uncertainty of no greater than 
1*2*C, both P and H nuat be accurate to within about 
10 to 20Z ot thilr natural horlxontal variability 
acruaa the urban-rural complex. Ttila onuunt la too 
oaall a variation to be deteralnad by a alaple gueaa. 
Kather than naaaure thane aubatrnte propartlea directly, 
which la Infeaalble, It ta aorr convenient Co cunolder 
than aa effective paroaetera which can be obtained froa 
Che obaervad aurfaca Ceaperaturaa by tnvarnlon of tha 
nudel. 

To llluacrace the Inveralun procedure, conalder a 
nlnulaled temperature w.ive generated by the modal over 
a period of lime, nay one day. All model paroaetera 
are fixed during thla perl'xl, but the experiment la run 
a large number of tinea with different valuea of H and 
P, and Che Cenperaturea printed out at a particular 
Cine, t . Accordingly, a matrix of temperature /aluea 
T la produced an In Fig. 3, which contalnn a family 
or laothenra ,Tj,Tj. . . ) , each one correapondlng 

Co an Intlnile net of H, P palra. One laocherm repre- 
aenta the obaerved temperature at Che time C^ 
during the heating cycle. If, deriving the aaaa net of 
numerical experlaenta, the Ceaperaturea ara generated 
at ti^ Clmea during the heating cycle (with Che none 
aut of Input conat.inta), a accond f.imlly of temperature 
linen are produced which can be auperlapoaed on a com- 
mon matrix with the flrnt net of llnea. Now the pair 
of obaerved tunperaturen and T.. at tlmea t and t. , 
In correapondlng to two laofherma the H-P apace of 
Fig. 1, are likely to InCernect at a point which uni- 
quely deteralnea a pair of y. and P valuea aatlafylng 
condltlona for Che obaerved pair of teaperacuren. If 
Che model la properly conaClCuted a>id the aacondary 
terrain parometera and meteorological varlablen apecl- 
f led reallatlcally, the aolut<ona ahould occur within 
the matrix rather than at an unacceptable location out- 
alde the grid, for example at negative M. 



Fig. J. - Sclienatlc array of tempetaturca T. derived 
from XK>dal reaulta for patrn of H and P valuSa. 


Solutlona leading to recovery of thene aubatrata 
parometarn can be obtained bv auch graphical nethoda 
or by numerical-iterative me. nine coaputat Iona, lining 
the latter method we find that nolutlona rapidly con- 
verge to preclne valuea of M and P and chat the 
recovered aubatrata parometera when aubatituted back 
Into the Bodel yield temperaturen very clone to the 
ntartlng onea. CreaCeat accuracy will be attained, 
however, wlien the temperaturen are changing alowly 
with time and have widely differing valuea at t and t|^ 
auch OH at noon and midnight. Given the recovered aub- 
atrate parometarn, the entire aurf.tce energy balance 
can be deteminad. 

Our examination of aatellite-derlved aurface 
Leaperature aapa of Loa Angelen revealn that the over- 
all configuration of the temperature patternn (lllu- 
Htrated In Flga. 1 and 2) perniata throughout the 
year. Indicating that Che configuration of aubatrata 
properclea la relatively atabla and not greatly affec- 
ted by meteorological changea - (1). Becauae of the 
Intimate aaaoclatlon between temperature and heat flux, 
recovery of the aubatrata parometera would enable one 
to determine the aurface energy budget on daya when no 
direct temperature obaervatlona are available, an 
obvloua benefit for appllcatiin In hydrodynamic mode la 
of the almonphere. The Invernlon method haa yet to be 
teated with real latelllte temperature meaaurwmentn 
becauae the NOAA natellite orblta occur at tranaltory 
ntagea In the he.itlng cycle, not long after aunr'ae 
and aunaet. More uaeful obaervatlona are thoae which 
would be outalned clone to the tlmea of maximum and 
minimum temperature. The method of combining obaer- 
vatlon with model Inver Ion la, of courne, general 
and le.ida Itself readily to the study not only of 
urban heatlpq patterns but of soil moisture for 
agricultural and other purposes. 
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